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PREFACE 


The AgRISTARS Program was initiated in Fiscal Year 1980 in 
response to an initiative issued by the U.S. Department of Agricul- 
ture. Led by the USDA, the program is a cooperative effort with 
the National Aeronautics and Space Administration, the National 
Oceanic and Atmospheric Administration, the U.S. Department of 
Interior, and the Agency for International Development. 

The program goal is to determine the usefulness, cost, and extent 
to which aerospace remote sensing data can be integrated into exist- 
ing or future USDA systems to improve the objectivity, reliability, 
timeliness, and adequacy of information required to carry out USDA 
missions. 

The program is well underway, with encouraging progress having 
been made in Fiscal Year 1980. The outlook is that aerospace 
remote sensing will contribute to USDA information needs in a sig- 
nificant way and, more generally, that the AgRISTARS effort will 
advance this technology for use in other areas of national need. 
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I. PURPOSE 


The purpose of the Agriculture and 
Resources Inventory Surveys Through 
Aerospace Remote Sensing (AgRISTARS) 
Annual Report is to present the major 
objectives arid accomplishments of the 
program and its eight . component 
projects during fiscal year (FY) 1980. 

T-he report includes an introduction to 
the overall AgRISTARS program, a gen- 
eral statement on progress, and separate 
summaries of the activities of each 
project. The primary emphasis is on the 
technical highlights. It is -planned to 
issue similar annual reports around 


November of each year. Organizational 
and management information on 
AgRISTARS is included in the appen- 
dixes, as is a complete bibliography of 
publications and reports. Additional 
information may be obtained from: 

I 

AgRISTARS Program Support Staff, 
Code SK 

NASA Lyndon B. Johnson Space 
Center 

Houston, Texas 77058 

Telephone: 713-483-2548 
(FTS: 525-2548) 
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2. INTRODUCTION 


AgRISTARS is a long-term program 
of research, development, evaluation, 
and application of aerospace remote 
sensing to meet the needs of the U.S. 
Department of Agriculture (USDA). The 
program is a cooperative effort of: the 

USDA; the National Aeronautics and 
Space Administration (NASA); the U.S. 
Department of Commerce (USDC) 
through Its agency, the National Oceanic 
and Atmospheric Administration 
(NOAA); and the U.S. Department of the 
Interior (USDI). In addition, the Agency 
for International Development (AID) par- 
ticipates as an ex-officio observer and 
potential future user agency. 

In 1978, the Secretary of Agriculture 
issued an initiative,^ in response to 
which the participating agencies estab- 


joint Program of Research and 
Development of Uses of Aerospace 
Technology for Agricultural Programs, 
February 1978. 


lished the AgRISTARS program. In 1980, 
the program was Initiated as an effort 
basfed on satisfying current and future 
requirements of the USDA for high- 
priority agricultural and other renewable 
resources type information. This infor- 
mation is important to the USDA in 
addressing national and international 
issues on supply, demand, and competi- 
tion for food and fiber. 

The overall goal of AgRISTARS is to 
determine the feasibility of integrating 
aerospace remote sensing technology 
into existing or future USDA data acqui- 
sition systems. Determining feasibility 
depends upon the assessment of numer- 
ous factors over an extended period of 
time. Determinations of the reliability, 
costs, timeliness, objectivity, and ade- 
quacy of information required to carry 
out USDA missions are planned in the 
program. The overall approach consists 
of a balanced program of remote sensing 
research, development, and testing which 
addresses a wide range of information 
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renewable tesources. 
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needs on domestic and global resources 
and agricultural commodities* 

In this Initiative, the USDA identified 
the following seven information require- 
ments: 

• Early warning of change affecting 
production and quality of commod- 
ities and renewable resources 

• Commodity production forecasts 

• Land use classification and measure- 
ment 

• Renewable resources inventory and 
assessment 

• Land productivity estimates 

• Conservation practices assessment 

• Pollution detection and impact eval- 
uations 

Based on these information require- 
ments, as well as on a specific immedi- 
ate need for bett er or more timely infor- 
mation on crop conditions- and expected 
production, the AgRISTARS technical 
program was developed. It consists of 
eight projects which address all seven of 
the USDA information needs with a clear 
emphasis on the first two, early warning 
of change and commodity -production 
forecasts. The eight projects include the 
following: 

• Early Warning/Crop Condition 
Assessment (EW/CCA) 

• Foreign Commodity Production Fore- 
casting (FC PF) 

• Yield Model Development (YMD) 

• Supporting Research (SR) 


• Domestic Crops and Land Cover 
DCLC) 

• Renewable Resources Inventory (RRI) 

• Conservation and Pollution (C/P) 

Each project has its specific set of 
objectives and is treated in this report as 
a discrete element of the AgRISTARS 
program. The projects are interrelated 
both through mutuality of information 
needs and through much common tech- 
nology. The approach for all projects 
calls for exploratory experiments, pilot 
and/or -large-scale applications tests, and 
USDA user evaluations. 


• Soil Moisture (SM) 
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AgRISTARS PROJECTS 



3. PROGRAM SUMMARY 


The AgRISTARS Program is well 
underway with meaningful progress hav- 
ing been made during FY 1980, the first 
year of the effort. Scientists and sup- 
port personnel from the participating 
government agencies, from universities, 
and from industry are assigned to 
AgRISTARS research at some 35 loca- 
tions in the United States. A multi- 
agency program management structure 
has been established and is functioning 
with planning and reporting mechanisms 
in place. Each of the participating 
agencies is supporting its effort under 


the program pursuant to a Memorandum 
of Understanding dated January 16, 1980. 

The outlook for activity under the 
AgRISTARS program is that aerospace 
remote sensing technology will indeed 
contribute in a significant way to meet- 
ing the information needs of the USD A. 
Further, it is anticipated that 
AgRISTARS will be a major stimulus to 
advance remote sensing technology in 
general and thus will contribute to the 
exploitation of this technology in other 
areas of national need. 
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4. PROJECT SUMMARIES 


4.1 EARLY WARIMING/CROP CONDITIOIM 
ASSESSMENT 

The EW/CCA research effort is 
designed to develop and test remote 
sensing techniques which will make 
possible or enhance operational method- 
ologies for crop condition assessment. 
This technology will be used by elements 
of the USDA, in particular the Foreign 
Agriculture Service (FAS) of the USDA^ 
which is responsible for providing early 
warning of changes which may affect 
foreign crop production and quality and 
for assessing crop conditions. The 
EW/CCA project is led by the USD A 
Science and Education Administration/ 
Agricultural Research (SEA/AR) with 
participation by NASA and NOAA. The 
project activity includes techniques for 
applications in the United States and 
several foreign countries including the 
U.S.S.R., Argentina, Brazil, Canada, 
Peoples Republic of China, Mexico, and 
Australia. Six major commodities of 
interest include wheat, barley, corn, 
soybeans, cotton, and rice. 

Major accomplishments in FY 1980 
were: 


EARLY WARNING OF CONDITIONS AFFECTING CROPS 


This project wil I assist 
the USD A in tracking the 
condition of six major 
crops (wheat, barley, corn, 
'cotton, soybeans, and rice) 
in the United States and 
foreign countries. 

Techniques using data from 
satellites to measure the 
effects of drought on crops 
are well developed, and the 
areas of the crops affected 
can be accurately mea- 
sured. Other types of crop 
stress are also being 
studied. 



. The improvement and testing of a 
soil/water budget model to assess 
crop stress due to lack of moisture. 

. Initial development of relationships 
between crop stress due to lack of 
moisture and information from 
envi ronmental satellites. 


4.2 FOREIGN COMMODITY PRODUCTION 
FORECASTING 

The objective of FCPF activity is to 
develop and test procedures for using 
aerospace remote sensing technology to 
provide objective, timely, and reliable 
forecasts of foreign crop production. 
The prospective users of this technology 
are the USDA FAS and various inter- 
national organizations concerned with 


FOREIGN COMMODITY PRODUCTION FORECASTING 


The FCPF project will 
develop techniques to 
monitor four commoditfes 
(wheat, barley, corn, and 
soybeans) m five foreign 
countries and in five simitar 
growing areas In the United 
States. 




For example, interpreting 
techniques for images of 
Brazilian crops may be 
aided by comparing them 
to images of crops grown In 
the State of Georgia. 


world food and fiber supply. The project 
is led by NASA with participation by 
USDA and NOAA. In achieving its objec- 
tive, the FCPF research considers eight 
crop/region combinations in the United 
States and five foreign countries. Includ- 
ing the U.S.S.R., Argentina, Brazil, 
Canade^ and Australia. Small grains 
(wheat and barley) and corn and soybeans 
will be studied. FCPF research expands 
the remote sensing technology developed 
in previous experiments during the 
mld-1970’s. 
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Major accomplishments in FY 1980 
were as follows: 

• The successful adaptation of analyt- 
ical techniques, initially developed 
for wheat, for use in identifying corn 
and soybeans. 

• The improvement of analytical tech- 
niques for analysis of spring small 
grains and the testing of these 
techniques in Canada and the United 
States. 

• The improvement in efficiency of 
these analytical methods in the sense 
of their becoming less labor 
intensive. 

4.3 YIELD MODEL DEVELOPMENT (YMD) 

The YMD research effort utilizes 
measurements of environmental and 
plant characteristics to project crop 
yield potential within a region. This 
effort is a key component of any com- 
modity production forecasting method- 
ology and, as such, cont ribut es to both 
the domestic and foreign crop estimation 
processes. NO A A, through the Environ- 
mental Data and Information Ser-vice, 
Center for Environmental Assessment 
Services (EDIS/CEAS), leads this activity 
with support from USD A and NASA, 

Major accomplishments in FY 1980 
were: 

• The selection and development of a 
uniform testing approach for simple 
predictive models for the yields of 
barley, soybeans, and corn in key U.S. 
growing regions, 

• Twenty-sev.en crop yield models were 
reviewed using the criteria agreed on 
by USD A, NASA, and NOAA. 

• Empirical models for corn, soybeans, 
wheat, and barley for specific crop 
reporting districts were completed. 


• The selection for testing of a physi- 
ologically based wheat model which 
accounts explicitly for key processes 
taking place in the plant. 

• Procedures developed and imple- 
mented to provide current worldwide 
quality-checked meteorological data 
to the Johnson Space Center through 
the Joint Agricultural Weather 
Facility (J AWF). 


YIELD MODEL DEVELOPMENT 


This is research to determine how various crops will respond to 
weather conditions^ agricultural practices^ and other factors. 
Many years of data are taken into account. 



4.4 SUPPORTING RESEARCH (SR) 

This applied research project is 
designed to provide technological com- 
ponents and procedures for testing in the 
other AgRISTARS projects, notably in 
the crop inventory activities. Research 
focuses on techniques to extract, from 
Landsat data, information on the area 
planted to different crops; on the stage 
of development of wheat, barley, corn, 
and soybeans; and on the crop condition 
determined from spectral (plant color as 
sensed remotely) analyses of the crops. 
This activity is led by NASA with support 
from USDA and NOAA. 

The crops of concern to the EW/CCA 
and FCPF projects are being studied by 
the SR project. In addition, natural 
vegetation and soils are. important 
subjects of study. 
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Major accomplishments in FY 1980 
were as follows: 

• The development of the mathemat- 
ical foundation for the improved 
FCPF techniques described in 
section 4.2. 

• The development of a new method- 
ology for distinguishing among crops 
in the Landsat imagery on the basis 
of their change in appearance through 
the growing season. 


SUPPORTING RESEARCH 


Research will be conducted 
in the following areas of 
remote sensing technology: 


Sampling and 
aseregation 
Area estimation 
Crop development 
stage estimation 
Spectral yield 
Crop stages 
Soils 



Research network 


4.5 SOIL MOISTURE 

• The objective of the SM project is to 
develop and evaluate the technology for 
the remote and ground measurements of 
soil moisture. This technology Is an 
intermediate step in the application of 
remote sensing, in that a knowledge of 
soil moisture is important to models 
which predict items such as crop yield, 
plant stress, and watershed runoff. This 
work will provide knowledge about a key 
variable needed in several other 
AgRI STARS projects. This activity is led 
by the USDA (Soil Conservation Service) 
with support from NASA. The scope of 


SOIL MOISTURE STUDIES 


Increasing the accuracy of 
these measurements will 
have applications in 

• Early warning 

• Crop yield estimation 

• Water shed runoff 

• Vegetative stress 
assessment 


Microwave and 

Infrared 

measurements 







the work Includes the improvement of in 
situ soil moisture measurement tech- 
niques and, through mathematical model- 
ing efforts, relating these in situ 
measurements to remotely sensed meas- 
urements. Applications of the results 
will be made over broad regions to 
various agricultural and hydrological 
problems. 

M ajor accomplishments in FY 1980 
were: 

# The results of experiments in which 
consistent relationships over a 
variety of conditions were found in 
the way that microwave energy is 
reflected from soils of differing 
moisture content. Also, a close 
correlation has been found between 
data from ground-based systems and 
aircraft systems. These results show 
potential for eventual satellite 
sensing of soil moisture over a large 
area. 

• The effects of vegetation cover on 
the microwave measurement of soil 
moisture can be accounted for by an 
additional factor in the model. This 
finding improves the basic under- 
standing of vegetation effects and 
shows that soil moisture measure- 
ment through moderate vegetation 
canopies is possible. 


4.6 DOMESTIC CROPS AND LAND COVER 

The DCLC objectives are to improve 
state and substate crop acreage data by 
integrating Landsat and ground data into 
the existing program and evaluating the 
cost effectiveness of the new procedure. 
This technology will be used by the 
USDA in meeting its responsibilities to 
provide statistics on the commodities of 
U.S. agriculture. This project is led by 
the USDA Economics and Statistics Ser- 
vice (ESS) with support from NASA. The 
scope is to address major crops in the 
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DOMESTIC CROPS AND LAND COVER 

Directed at automatic classification and estimation of land cover 
with emphasis on major crops, this project will use Landsat and 
advanced sensor data to improve accuracy of data classification 
on the local Ievel» The first states being studied are Iowa and 
Kansas- 



important agricultural states and apply 
the technology to two additional states 
each year. 

Major accomplishments in FY 1980 
we re: 

• Improvements in the precision of crop 
acreage estimates for wheat in 
Kansas and corn and soybeans in Iowa 
were made with techniques using 
L andsat data. 

• Analytical metjiods were imple- 
mented at the state offices in Kansas 
and Iowa, and this prototype is 
encouraging from the point of view of 
adoption by actual user groups. 

4.7 RENEWABLE RESOURCES INVENTORY 

The objectives of the RRI project are 
the development and implementation, in 
the USDA Forest Service, of new remote 
sensing technology which will offer 
capabilities in support of the national 
renewable resource assessment process. 
The USDA Forest Service will be the 
user of the technologies developed under 
the RRI project. The Forest Service is 
the lead agency in this project and is 
supported by NASA. The scope of the 
effort includes: improving high-altitude * 

aircraft sensor and pallet capability; 


mapping and characterizing natural and 
managed habitation; collecting, display- 
ing, and using resource information to 
aid in forest management and planning; 
demonstrating advanced capabilities for 
monitoring, classifying, and measuring 
disturbances and changes in forests and 
rangeland; and evaluating Landsat tech- 
nology as a tool for supporting multi- 
resource inventories and forest planning. 

Major accomplishments in FY 1980 
were as follows: 

• The first phase of an effort to evalu- 
ate the utility of Landsat technology 
for meeting Forest Service needs was 
completed. The feasibility demon- 
stration indicated that land cover 
acreages could be determined accu- 
rately using a combination of aircraft 
photographic and Landsat data. 

• Significant progress was made toward 
developing an operational change- 
detection algorithm, determining the 
effectiveness of different clustering 
algorithms, assessing the accuracy of 
existing L andsat-based forest cover 
type maps, and 'determining the 
objectives and issues for an opera- 
tional land information support 
system. In addition, two new high- 
resolution panoraniic camera systems 
were integrated into the NASA U-2c 
aircraft. 

RENEWABLE RESOURCES INVENTORY 

Four main categories will 
• 'be addressed: 

(1) National Inventory 

(2) Stress/damage 
assessment 

(B) Timberland classi* 
fication 

(4) Environmental/iand 
use 


Use of data from the 
landsat multlspectral 
scanner and the more 
detailed data from the 
Improved sensors rs 
planned. 


1973 1930 
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4.8 CONSERVATION AND POLLUTION 


St rated using snow cover observations 
from satellites. 


The conservation assessment portion 
of the CP project addresses applications 
in three areas: inventory of conservation 
practices, estimation of water runoff 
using hydrologic models, and determina- 
tion of physical characteristics of 
snowpacks. 

The pollution portion of the CP 
project will provide an assessment of 
conservation practices through the use of 
remote sensing techniques to quantita- 
tively assess sediment runoff, to detect 
gaseous and particulate air pollutants, 
and to assess their impacts on 
agricultural and forestry resources. 

The USD A leads this project with 
support from NASA and NOAA. 

Major accomplishments during FY 
1980 were: 

• Improved accuracy in predicting 

runoff from a watershed was demon- 


• A significant relationship was found 
between snow depth (important in 
assessing winterkill potential for 

• winter wheat) and microwave data. 

• Field and laboratory measurements 
established conditions under which 
suspended sediments (from agricul- 
tural runoff) could be measured in a 
lake. 


SOIL CONSERVATION AND POLLUTION 


Conservation entails: 

(1) Conservation practices 

(2) Water runoff studies 

(3) Snowpack studies 

(4) Thermal infrared 
studies of soil 
moisture 

Pollution studies entail: 


( 1 ) 


( 2 ) 

a) 


Assessment of 
contaminated 
sediment runoff 
Air pollution 
Impact of total 
pollution on forestry 
and agriculture 
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5. PROJECT TECHNICAL HIGHLIGHTS 


In each of the AgRISTARS projects, 
there has been good progress across a 
broad front; and the results have been 
documented in detail (see appendix B). 
The purpose of this section is to focus on 


the few most significant accomplish- 
ments in each project. If the reader 
desires greater detail, he should consult 
the key references noted below each of 
the highlighted efforts. 
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5.1 EARLY WARNING/CROP COWDITION 
ASSESSMENT ' 

5.1fl Technical Objectives 

The general objective of the research 
and development activity is to provide a 
capability for the USDA to assess and 
respond in a timely way to factors which 
affect the quality and production of 
economically important crops. The 
technical objectives of this activity are: 

• To develop and test methods of using 
meteorological information with 
various mathematical {simulation) 
alarm models and known environ- 
mental threshold measurements to 
provide alerts to potential ly 
troublesome conditions. 


• To develop and test methods to use 
Landsat and other data to assess the 
condition of crops and' the extent of 
the area affected by anomalous 
conditions. 

• To evaluate the utility of meteoro- 
logical satellites in providing data 
useful to early warning activities. 

5.1.2 Alarm Models 

Models were develc^ed, and/or exist- 
ing models were improved, to provide 
alarms for potentially troublesome 
environmental conditions such as small 
grains winterkill and water and tempera- 
ture stresses for corn, sorghum, soy- 
beans, and small grains. A corn stress 
model (fig. 1) illustrates both optimum 



SURFACE ZONE HAZARD SURFACE ZONE HAZARD 



Figure 1. Com stress model. 
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and hazardous moisture and temperature 
conditions that may occur at various 
plant growth stages. To support the 
alarm model development, an ihiproved 
soil water budget model was developed 
and Implemented in conjunction with an 
existing USDA data base. 

(Key references: 1-06; 1-26, 1-77). 

5,1.3 Condition Assessments 

The assessment of the effects of 
abnormal conditions on the crop is 
important. For example, if rain occurs 
during harvest when wheat has been 
swathed, then substantial losses occur. 
A preliminary model has been developed 
to predict the portion of the crop which 
will be lost when such meteorological 
conditions occur (fig. 2). Other models 


have been developed to account for the 
effects of hot, dry winds on wheat and 
stripe rust on small grains. These models 
wll I be tested during the coming year. 

5.1.4 Environmental Satellites 

Information from the NOAA-6 

environmental satellite has been 

analyzed for vegetation characteristics 
and indexes of greenness. These indexes 
correlate well to similar ones from 
Landsat data and, for large areas, will 
give useful insight into crop conditions; 
for instance, drought over county-size or 
larger area can be monitored using such 
indexes. This was the result of a joint 
National Environmental Satellite Service 
(NESS) and EDIS effort in NOAA. 

(Key references: 1-03, 1-08). 



Figure 2, Water damage to swathed wheat. 
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5.2 FOREIGN COMIVIODITY PRODUCTION 
FORECASTING 

5.2.1 Technical Objectives 

The general objective of the FCPF 
project is to develop technology for 
making improved crop production fore- 
casts in foreign areas. The focus of this 
work in FY 1980- has been on: 

• Adapting existing technology to new 
crops and regions, testing the tech- 
nology in limited areas, and assessing 
the accuracy of the results. 

• Improving the efficiency with which 
analysis can be done; typically, by 
increasing the extent of automation 
and reducing the human analyst 
involvement. 

• Designing experiments and acquiring 
and building a data base for future 
development and evaluation. 

(Key references: 2-08, 2-19, 2-29). 

5.2.2 identification of Corn and Soybeans 

Computer-aided classification of 
crops from Landsat measurements has 
been successfully accomplished for small 
grains, and good results were obtained in 
research efforts before the AgRISTARS 
program."^ This technology has been 
extended to corn and soybeans for a 
U.S.-controlled Corn Belt environment 
with good success. Figure 3 shows the 
spectral characteristics of the crops in 
terms of greenness, a growth index, and 
brightness factors, as the season pro- 


2 

The Large Area Crop Inventory 
Experiment (LACIE), for example, from 
1974 through 1978, studied wheat In 
major growing areas and produced good 
estimates of the 1977 U.S.S.R. crop in a 
quasi-operational test. 


grasses. Clearly, there is a time at 
which these crops appear different to the 
satellite. A procedure to exploit this 
spectral difference was developed and 
tested on 58 sites in 6 states of the U.S. 
Corn Belt. Figure 4 shows that highly 
accurate identification was achieved for 
corn and soybeans. 

(Key references: 2-08, 2-17, 2-19). 

5.2.3 identification of Spring Small Grains 

Earlier work in detecting spring small 
grains gave relatively poor results in the 
U.S./Canada environment, and the proce- 
dures for estimating these crops have 
been greatly improved by the FCPF 
project. For the first time, reliable, 
automated, crop identification results 
were obtained in the U.S. Northern Great 
Plains and in Canada for spring small 
grains as a class. Figure 5 shows the 
accuracies achieved for these crops in 
comparison with pre- AgRISTARS 
capability. 

(Key references: 2-03, 2-08, 2-19, 

2-26). 

5.2.4 Efficiency in Analysis 

One of the major accomplishments in 
FCPF was the simultaneous improvement 
of both the accuracy and the efficiency 
of the process of estimating the amount 
of spring small grains in a test area. 
Prior to AgRIStARS, the technology 
required about 4 hours of skilled analyst 
time per test area (in the U.S./Canada 
environment) and was significantly 
underestimating spring small grains 
acreage. The current technology is now 
indicating a major reduction in the error 
(about one-half of the error on previous 
estimates), and a major reduction 
(approximately 60 to 75 percent) has 
been achieved in the amount of analyst 
time required, with potential for 
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additional efficiency. These results, 
shown in figure 6, were for tests con- 
ducted in the U.S. Northern Great Plains, 
where testing over a wider range of con- 
ditions will be carried out in the future. 

(Key references: 2-19, 2-26). 


5.2.5 Acquisitions of Research Data 

During FY 1980, the most compre- 
hensive set of correlated Landsat and 
ground observation data ever obtained 
for agricultural remote sensing research 
was acquired in the United States. These 
data were acquired over some 300 sites 
in various regions of the United States 
where the major crops are grown; i.e., 
winter and spring wheat, barley, corn, 
soybeans, sorghum, sunflower, rice, and 
cotton. Field enumerators of the USD A 
collected ground observations of crop 
stage and crop condition periodically 
throughout the growing season, consis- 
tent with the date of the Landsat over- 
pass, for 30 randomly selected fields per 
site. Supportive aircraft photography 
was flown over the_sites, and a total 
inventory was obtained once during the 
growing season for each site. Data from 
selected sites in Canada and Australia 
were obtained, also, through cooperative 
arrangements with the governments of 
these countries. The number of test 
areas for the crops of interest and the 
general locations are shown in figure 7. 
Additionally, Landsat data were obtained 
over selected regions of Argentina, 
Australia, Brazil, and the U.S.S.R. for 
future experiments. 


(Key references: 2-08, 2-19,2-37) 
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5.3 YIELD MODEL DEVELOPMENT' 

5.3.1 Technical Objectives 

The general objective of the YMD 
project is to develop improved yield esti- 
mation techniques for use in making crop 
production forecasts, foreign and domes- 
tic. The focus of this effort in FY 1980 
was on: 

• Establishing standards for selecting 
and testing existing yield models. 

• Acquiring and testing existing yield 
models for crops and regions in sup- 
port of the FCPF and EW/CCA proj- 
ects. 

• Assimilation of a meteorological and 
climatological data base for yield 
model test evaluation and develop- 

' ment. 

• Evaluation, testing, and recommenda- 
tions for improvement of plant proc- 
ess and growth models developed by 
agricultural research agronomists and 
plant physiologists. 

5.3.2 Standards for Selecting and Evaluation 
Models 

Standards for selecting, testing, and 
evaluating crop yield models were 
established jointly by NASA, NOAA, and 
USDA representatives. These standards 
were approved by AgRISTARS manage- 
ment and published so that individual 
models could be evaluated using uniform 
criteria for model performance. 

5.3.3 Acquisition and Testing of Yield Models 

Linear regression yield models were 
acquired and tested in the NOAA-USDA 
modeling center in Columbia, Missouri. 

A model for each crop and area on which 
the FCPF project is to make a produc- 


tion forecast in FY 1981 was selected, 
documented, and prepared for operation. 

(Key references: 3-03, 3-17, 3-32, 

3-40, 3-51, 3-52). 

Plant process and growth models for 
wheat are tested by agronomists, plant 
physiologists, and statisticians at the 
USDA SEA/AR facility in Fort Collins, 
Colorado. Requirements were docu- 
mented for improving specific portions 
of the plant process. 

(Key references: 3-16, 3-43, 3-46, 

3-53, 3-75). 

5.3.4 Meteorological and Climatological 
Data Base 

A historical data base for the 12,000 
U.S. cooperative stations was assembled 
by the NOAA/EDIS National Climatic 
Center (NCC), Asheville, North Carolina, 
and stored on the National Weather Serv- 
ice (NWS) computer facility at Suitland, 
Maryland. Current daily meteorological 
data are prepared by NWS and trans- 
mitted daily to the J AWF for distribution 
to operational units of USDA and 
AgRISTARS projects. 


5.3.5 Improvement of Plant Process Models 

Plant scientists began the incorpora- 
tion of plant nutrient responses into corn 
and wheat growth models. The wheat 
model is being adapted to barley. A 
soybean physiological model was 
prepared for test and evaluation. 

(Key references: 3-12, 3-62). 
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5.4 SUPPORTING RESEARCH PROJECT 

5.4.1 Technical Objectives 

The SR project, led by NASA, has the 
responsibility for planning, designing, 
conducting, and monitoring research in 
support of aerospace remote sensing for 
AgRlSTARS applications. During FY 
1980, the technicai emphasis in SR was 
on the machine analysis techniques of 
multispectral remote sensing measure- 
ments. This research included investiga- 
tions of imaging and nonimaging sensors 
mounted on ground, air, and space vehi- 
cles. In addition, SR efforts examined 
the use of automated techniques for pre- 
cision combination (registering) of satel- 
lite data acquired at different times and 
for relating these data sets to known 
ground locations. 


5.4.2 Machine Classification 

. Previous studies in agricultural 
remote sensing have long indicated the 
need to improve the efficiency of mach- 
ine processing techniques. and to increase 
the accuracy with which crops can be 
identified while reducing manual involve- 
ment. During FY 1980, the SR project 
achieved several of the needed 
improvements. 

Earlier machine classification tech- 
niques required the user to select spe- 
cific sample areas of each crop. These 
sample areas were used to “train" the 
computer for subsequent automated clas- 
sifications. The approach is referred to 
as supervised classification, in another 
approach, the nonsupervised approach, 
crops are characterized by sets of dis- 
tinguishing remotely sensed measure- 
ments and are automatically grouped 
according to similarities In the meas- 
urements. SR has developed a new non- 
supervised classification program called 
CLASSY. The use of CLASSY has 


decreased the time it takes to dis- 
criminate crops and has reduced manual 
involvement. 

Most current machine classification 
techniques in remote sensing use crop 
color or spectral information for dis- 
crimination- purposes. Seldom, however, 
do analysts encounter entire fields that 
are spectrally pure. Typically, fields 
display spectrally pure areas surrounded 
by spectrally mixed perimeters. When a 
decision is made by a computer algo- 
rithm to label the field as a specific 
crop, it would be beneficial to isolate 
(spatially) the pure interiors and ignore 
the spectrally mixed perimeter. An 
alternative machine processing approach 
called Procedure M, which is under 
development in SR, uses spatial 
information in remotely sensed data to 
automatically find the spectrally pure 
interiors of agricultural fields. With this 
procedure, accuracies were substantially 
increased in two ways: "(1) field-by-field 
accuracies increased, .and (2) smaller 
samples are now required for valid sta- 
tisticai estimates of area, initial tests 
of Procedure M over selected corn and 
soybeans areas demonstrated that it was 
effective in large fields in the U.S. Corn 
•Belt. 

(Key references: 4-95 , 4-96). 


5.4.3 Crop Growth Stage Research 

Modeling research which utilizes the 
unique characteristics of crops at differ- 
ent growth stages is being performed in 
the SR project. One important use of 
growth stage information is to provide 
insight on deviations from the norm for 
that crop. Questions of crop vigor, plant 
stress, and potential yield can then be 
addressed. 

During FY 1980, the SR project modi- 
fied earlier techniques so that it is now 
feasible to provide accurate predictions 


21 



of the crop stage of wheat to within +5 
days when an accurate starting date is 
known* Models to predict median plant- 
ing dates to within ±6,6 days for spring 
small grains have also been developed. 
The improvement in the wheat crop- 
stage model is, in part, related to the 
development of the moisture stress index 
which accounts for the effects of 
drought on the crop development stage. 
Tests on the model have shown that it is 
consistent under wet and dry conditions. 

In addition to its work with the wheat 
growth stage modeling, the SR project 
developed and tested models for deter- 
mining the growth stages of corn and 
began research to evaluate and develop a 
barley model. The model for predicting 
crop growth stage is based on spectral or 
color measurements from Landsat data 
and agronomic .farm data; and, unlike 
other growth stage models, it is inde- 
pendent of planting dates, nitrogen 
usage, and geographic area. Figure 8 
shows the plot of a parameter called 
greenness, which as noted earlier is an 
index used to determine growth stage 
against time for a sample study area in 
Iowa. An Important use of crop growth 
stage information is to discriminate 
crops which appear spectrally similar to 
remote sensors. For example, corn and 
soybeans often appear similar in color 
throughout their growth. These crops 
can be difficult to discriminate on any 
single image. However, SR has found 
that the pattern of color change through- 
out the growth period is different 
between the two crops. Thus, a log or 
history of the pattern of color change for 
specific fields would allow the analyst to 
discriminate the two crops as figure 9 
shows. 

SR project field research measured 
such patterns showing changes in the 
remotely sensed color of wheat, barley, 
corn, and soybeans. When such measure- 
ments for two crops are compiled on a 
single graph and compared, the "tem- 


poral profiles," as they are called, can be 
used to distinguish these crops from one 
another and provide a reasonably accu- 
rate basis for a highly automated crop 
identification procedure. 

(Key references: 4-27, 4-28). 

5.4.4 Crop Condition Monitoring 

Remotely sensed crop color (i.e., 
spectral) data Integrated with other 
agricultural and meteorological data in 
mathematical models have the potential 
to provide a significant improvement in a 
model's yield prediction capability. For 
example, leaf area index and intercepted 
solar radiation are values which potenti- 
ally can be estimated with Landsat data 
and which are required for several agro- 
meteorological yield models (fig. 10). 
During FY 1980, the SR project initiated 
efforts to integrate spectral data into 
yield models and anticipates further 
progress during FY 1981 in this research 
area. 
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5.5 SOIL MOISTURE PROJECT 

5.5.1 Technical Objectives 

The SM project will develop, test, and 
evaluate a capability to gather soil 

moisture data remotely and with in situ 
devices. Soil moisture data are 

important when used in conjunction with 
appropriate models to predict the 

behavior of crops and other ground- 
moisture related items, such as water- 
shed runoff. The specific technical 
objectives of the SM project include: 

• Sensor research. 

• Field measurements, ground and 

airborne. 

• Modeling and analysis. 

(Key references: 5-05, 5-22, 5-23). 


5.5.2 Microwave Sensor Research 

Water has characteristics which allow 
it to interact very strongly with micro- 
wave radiation. Because-of these unique 
characteristics, the capability of remote 
sensing at microwave frequencies (radar 
wavelengths) has been utilized for its 
potential to measure soil moisture. 
Moist soils are distinguished from dry 
soils in that the reflection from the for- 
mer exceeds that of the latter. Among 
scientists in the fieirt the radar reflec- 
tion is called 'backscatter.' Scientists 
also measure natural microwave emission 
from the Earth's surface. In general, 
when backscatter increases, emission 
decreases. Furthermore, the depth into 
the soil that the microwave energy pene- 
trates varies with the wavelength of the 
energy. Thus, by limiting the output 
microwave signals to very specific wave- 
lengths, scientists also know the approx- 
imate depth of microwave penetrations. 

The maximum penetration of the sen- 
sors used in the SM project is at best a 


few centimeters. However, moisture at 
this depth is more changeable than in any 
other portion of the total soil column 
and, hence, is very important. So, with 
other information such as temperature, 
precipitation, and soil type, it is feasible 
to approximate soil moisture in the crop 
rooting zone, the total region of interest. 

(Key references: 5-15, 5-16, 5-17, 

5-24). 

5.5.3 Analysis of Vegetation Cover 

Other factors also affect microwave- 
backscatter. In order to develop an 
accurate model of .soil moisture, all 
major factors must be considered. 
Vegetation cover is one such factor. 
Two experiments were carried out to 
determine the effect of vegetation on 
microwave backscatter. 

The first experiment was conducted 
in Georgia, Oklahoma, and South Dakota 
using truck-mounted microwave sensors 
over pasture grasses at each location. 
The field measurements at all three 
locations agreed well with laboratory 
measurements of soil moisture when the 
biomass of the pasture grasses was taken 
into account. Figure 11 shows the effect 
that different types of vegetation have 
on sensor performance. From this exper- 
iment, It was possible to express the 
amount of emission despite the vegeta- 
tion and still have a reliable soil 
moisture measurement. 

The second experiment also used 
truck-mounted sensors but over bare 
ground in California and Maryland. In 
California, measurements were made 
over dry soil and then irrigated soil as it 
dried out. The Maryland experiments 
were similar, except that the land was 
naturally watered with rain. The results 
again showed a close correlation between 
the remotely sensed and the laboratory- 
measured soil moisture (fig. 12). 
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Figure 11, Mierowave measurement for seteeted -oegetative cover. 


% 

I 












.98 

- 

*< .. 



95 


% • 



"" 

• 



.94 

- 






t 



92 







•V* • 



90 

— 

• 





•• 



88 







♦ 



86 

_ 






• 



84 

- 

• 





• 



82 

- 

• 

X 


80 

- 




78 

- 


X 

X 


76 

_ 







• X 





• 


.74 

— 







• 


72 

- 




70 

- 



^ X 

.68 

- 



X ' 

.66 

- 



X 

.64 

“ 



X 

62 


• CALlFORNrA 


X 

60 

- 

X MARYLAND 


X 



I - P 

1 1 

1 1 1 tX 

•SO 

' t 

r~ 

4 8 

12 16 

20 24 28 32 


SOIL MOISTURE. % 


Figure 12. Microwave measurement for hare sandy loom 
soils in different regions. 



These two experiments have indi- 
cated that soil moisture data can be 
obtained from remote sensors over a 
variety of conditions, including some 
with vegetative cover. 

(Key references: 5-08, 5-10, 5-15, 

5-16). 


platforms and, eventually/ to space 
platforms. 

(Key references: 5-03, 5-04, 5-06, 

5-12, 5-18). 


5.5.4 Analysis of Diverse Geographies 

Another critical issue that has been 
addressed was whether microwave sen- 
sors would give reliable results over 
diverse physical geographic and climatic 
regions and soils. Data collected using 
an aircraft-mounted system over past- 
ures in Florida, Oklahom^a, and South 
Dakota were used to evaluate this 
problem. Figure 13 shows the results 
obtained. A very strong relationship 
exists between the microwave measure- 
ment and soil moisture at al I sites. Many 
of the field variations can be attributed 
to variations in the amount of vegetation 
cover. Sites in Florida were more 
densely vegetated than those In 
Oklahoma and South Dakota. These 
variations, however, ~sh“ow the same 
trends observed in figure 11. 

(Key reference: 5-15). 


5.5.5 Analysis of Multilevel Microwave Data 

During FY 1980, SM scientists con- 
tinued to analyze an extensive data set 
collected in 1,978 over Colby County, 
Kansas. The first analysis indicated 
these data to be of high quality, and ini- 
tial findings were that active microwave, 
aircraft, and truck measurements along 
the same flight lines were highly corre- 
lated. If low-level sensors can be used to 
obtain calibrations of the upper-level 
sensors, then this Is important for future 
extensions of ground data to aircraft 
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5.6 DOMESTIC CROPS AND LAND COVER 

5.6.1 Technical Objectives 

Technical objectives of the DCLC 

project during 1980 focused on the 

following: 

• Developing, testing, and evaluating 
operational procedures for estimating 
the acreages of major crops over 
large areas such as state levels. 

• Assessing and improving current 
techniques for registration and 
processing of data. 

• Assessing current techniques for 
clustering and classification and 
evaluating alternatives. 

• Conducting experiments to determine 
the feasibility of integrating basic 
land cover classes into USDA opera- 
tional surveys and measuring their 
acreages. 

• Beginning studies of new spaceborne 
sensors. 


5.6.2 Estimating Acreage of Major Crops 

The DCLC project utilizes informa- 
tion on field locations, crops or land 
cover, and acreage from the annual ESS 
June Enumerative Survey (J ES) as the 
basic data set for matching with Landsat 
data. Iowa and Kansas were selected as 
the two states for this first effort to 
develop operational techniques. Slight 
changes to the JES procedures were 
needed to break out continuous areas of 
wasteland in crop fields and to capture 
the reported information in a unique 
field-identified format. 

During FY 1980, the Iowa and Kansas 
state offices digitized the field bounda- 
ries and performed a detailed field-by- 


field edit of the ground data. Current 
35mm aerial color photography acquired 
by the USDA for other purposes was 
utilized for accurate editing of field 
boundaries. 

In FY 1981, the DCLC project will 
calculate the estimates of Kansas 1980 
harvested winter wheat acreage and Iowa 
1980 planted corn and soybean acreage 
using available 1980 Landsat digital data 
combined with the ground data. The 
Iowa and Kansas offices will explore the 
feasibility of implementing some stages 
of .the data registration and analysis 
processes in addition to the edit and 
digitization operations. Two additional 
states, Oklahoma (for winter wheat) and 
Missouri (for corn and soybeans), will be 
added to the project; and the operations 
implemented in Iowa and Kansas In 1980 
will be resumed. 

(Key references: 6-06, 6-07, 6-08). 

5.6.3 Improving Current Techniques 

USDA and NASA researchers are 
cooperating on developing and evaluating 
several possible improvements to the 
existing USDA acreage estimation pro- 
cedures. The DCLC approach is to use 
ground data for training a classification 
procedure requiring very accurate regis- 
tration (within 40 meters) of satellite 
data to actual ground positions. Both 
USDA and NASA had developed proce- 
dures for scene-to-ground registration 
and for the registration of images 
obtained at different times to one 
another. The effort under DCLC is to 
compare the various methods and imple- 
ment the most automatic procedures 
that will provide the necessary accuracy. 
During FY 1980, data were registered for 
four agricultural sites; and 10 additional 
sites were selected for further testing. 
The accuracies for the first site were 
within 40.4 meters. In FY 1981, the 
image-to-ground registration evaluations 
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will be completed; and evaluations of 
scene-tO“scene techniques will be 
studied. An additional area of investiga- 
tion will be the development of computer 
procedures to detect field boundaries* 

Another area of improvement in cur- 
rent capabilities is the automating of 
various phases of the ground data/ 
satellite data analysis procedures. 
Changes and additions to computer soft- 
ware were made in FY 1980 which 
reduced the number of interactive steps 
required by data analysts and which 
automated most of the acreage calcula- 
tions needed for each state/crop combi- 
nation. Other studies begun in FY 1980 
are: automating the digitization of most 
field boundaries and the establishment of 
a stand-alone capability for cases which 
cannot be done by the automated 
procedure. 

(Key references: 6-09, 6-10). 


5.6.4 improving Clustering and Classification 
Techniques 

In- a specific study to assess and 
improve current automated data process- 
ing techniques, a comparison was made 
between the current classification tech- 
nique and a newly developed technique 
called CLASSY. The purpose of the 
comparison was to determine which 
method performed the most accurate 
automatic classification of satellite 
data. Results from the statistical tests 
indicated that the CLASSY procedure 
was both more accurate and more effi- 
cient than existing methods. Subsequent 
analyses will increase the scope of the 
tests of CLASSY to larger areas and a 
variety of land cover classes. 

(Key reference: 6-01). 


5.6.5 Land Cover Studies 

Under DCLC, the USD A has a 
requirement to develop procedures for 
identifying and monitoring land cover 
categories. During FY 1980, a land 
cover study was conducted in Kansas to 
determine the feasibility of integrating 
land cover categories with the opera- 
tional ]ES of ESS. The definitions of 
land cover categories were successfully 
implemented in this special study and 
will be adapted to the regular j ES in 
Kansas in 1981. 

(Key reference: 6-11). 


5.6.6 Studies of New Sensors 

In an effort to study new sensor adap- 
tations to crop -estimation procedures, 
the DCLC project evaluated simulated 
thematic mapper data. Results from the 
simulation study for a small area in 
Missouri showed significant improve- 
ments in crop discrimination and acreage 
estimation over standard Landsat multi- 
spectral scanner data. In FY 1981, new 
sensor evaluations will extend the them- 
atic mapper simulation study to include 
data from the Red River Valley of North 
Dakota and will study other sensor types 
such as synthetic aperture radar (SAR). 

(Key reference: 6-10). 
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5.7 RENEWABLE RESOURCES INVENTORY 


5.7.1 Technical Objectives 

The general objectives of RRl project 
activity are to develop^ test, and evalu- 
ate methods for applying new remote 
sensing techniques to the inventory, 
monitoring, and management of forest 
and rangeland renewable resources. The 
particular technical objectives include: 

• Improving methods for the collection, 
display, and use of resource informa- 
tion for forest management and 
planning. 

• Evaluating Landsat technology as a 
tool for supporting multi resource 
inventories and forest planning. 

• Demonstrating the capability to mon- 
itor, classify, and measure distur- 
bances and changes in forests and 
rangeland. 

• Improving the capability to map and 
characterize natural and managed 
habitats. 

• Improving the capabilities of high- 
altitude sensors. 


5.7.2 Forest Management and Landsat 
Evaluation 

The. first phase of a Multiresource 
Inventory Methods Pilot Test was com- 
pleted. This test is the principal vehicle 
for thorough evaluation of the utility of 
Landsat technology for meeting Forest 
Service needs. User-identified products 
resulting from the effort include: 

• A comprehensive Inventory Design 
apd Sampling Plan document. 

• Development of a M ulti resource 
Analysis and Information System 
(M AIS) concept. 


• A feasibility demonstration of the 
MAIS concept through completion of 
the Phase I A, Kershaw County, South 
Carolina, MAIS component evalua- 
tion. 

There is an increased need for renew- 
able resource information in the United 
States. The completion of Phase I of the 
M ulti resource Inventory Methods Pilot 
Test is a major step toward determining 
the extent to which Landsat and associ- 
ated geographic information system 
technologies can facilitate, improve, or 
replace present multiresource inventory 
methods. 

(Key references: 7-08, 7-09, 7-10, 

7-11,7-13). 

5.7.3 Changes and Disturbances 

New procedures for the detection, 
classification, and measurement of dis- 
turbances and changes in areas 3 acres or 
larger within national forest boundaries 
have been developed. Also, research has 
resulted in the definition of sensor para- 
meters for detecting, classifying, and 
mapping forest defoliation damage. 

(Key references: 7-04, 7-05 , 7-16). 


5.7.4 High-Altitude Sensors 

Two very promising high-resolution 
advanced panoramic camera systems 
have been integrated into NASA U-2C 
aircraft and are being used during the 
FY 1981 field season to support several 
national-level Forest Service programs. 

(Key reference: 7-06). 
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5.7.5 Habitat Mapping 

An extensive evaluation of the use 
and applicability of the vegetation com- 
ponents of the Recommended National 
Site Classification System has been 
completed. 

(Key reference: 7-01). 
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5.8 COIMSERVATION/POLLUTIOIM 
PROJECT 

5.8.1 Technical Objectives, Conservation . 

The conservation objectives of the 
C/P project include extensions of remote 
sensing technology into conservation 
inventory and planning and hydrologic 
and watershed management. The 1980 
conservation technical objectives include 
evaluations of: 

• -Aerial photography for its use in the 

inventory of existing, and in the plan- 
ning of new, conservation practices. 

#. Water runoff parameters derived 
from Lands at data as factors for 
hydrologic and watershed models. 

• Correlations between snowpack 
parameters over winter wheat and 
environmental .satellite measure- 
ments; i.e., the Nimbus-7 Scanning 
Multichannel Microwave Radiometer 
(SMM R). 


5.8.2 Inventory of Existing, and Planning of 
New, Conservation Practices 

Aerial photography ranging in scale 
between 1:500 and 1:60,000 and varying 
in type (color, color infrared, black and 
white, black and white infrared, and 
oblique) were examined against different 
conservation practices used to control 
erosion and to improve range and forest 
land. The work was initiated in FY 1980 
to perform a baseline inventory in the 
Bear Creek and Goodwin Creek water- 
sheds in Northern Mississippi, Project 
scientists prepared a photointerpretation 
guide of 110 different conservation prac- 
tices, which aided US DA personnel in 
determining the photographic resolution 
and photographic type required to iden- 
tify the various specific practices. Such 
practices as contour farming, farmland 


and feedlot windbreaks, irrigation 
systems, reclamation of surface-mined 
land, and woodland improvement were 
Included in the guide. Aerial photo- 
graphic data for the test sites were 
acquired and the photointerpretation of 
the data wil I be completed in FY 1981. 

5.8.3 Water Runoff Analysis 

Runoff refers to that portion of 
water which is carried over land toward 
the lowest point in a drainage basin. The 
runoff waters move in constricted flow 
in channels or manmade conduits or 
unrestricted overland flow. Computation 
of the quantity of water (precipitation), 
lost is essential in USDA Soil Conserva- 
tion Service hydrological investigations 
and is widely used by many Federal, 
local, and private agencies involved in 
agriculture, forestry, wildlife, and envi- 
ronmental protection. Estimation of 
runoff by conventional means is costly 
because it is labor intensive and because 
many types of data must be measured 
and integrated into a mathematical 
model. Preliminary studies showed that 
data obtained from Landsat could be 
substituted for land cover obtained by 
ground observations and would therefore 
provide a less costly and more effective- 
data base for large-area investigations. 
Additionally, a complete computer-based 
procedure was developed so that engi- 
neers and technicians with only minimal 
training in remote sensing could inte- 
grate the landsat data into the computer 
model. 

A test was conducted in Colorado to 
see if snowmelt runoff on operational- 
size (100-square-kilometer) basins could 
be simulated successfully using a snow- 
melt runoff model and satellite data on a 
snow-covered area. Landsat was used on 
two tributaries to the Rio Grande River 
Basin to supply the critical snow- 
covered-area parameter. Results for 
1973 through 1979 (fig, 14) suggest that 
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computed flow closely matches actual 
flow and that 6- month seasonal runoff 
was simulated with an average accuracy 
of 95 percent. In the short term, 85 
percent of the variation in the daily flow 
was explained by the model. This model, 
when used with the input satellite data, 
can be used to improve snowmelt runoff 
forecasts and to facilitate better regula- 
tion of reservoirs for flood control; irri- 
gation, and hydropower purposes. This 
work is continuing, in cooperation with 
the Soil Conservation Service, to imple- 
ment the model operationally in the 
entire Rio Grande River Basin. 

NOAA researchers have developed 
methods of making a computer analysis 
of snow cover as observed by the envi- 
ronmental satellites (fig. 15), Informa- 
tion of this type will be used in future 
models over large river basins. 

(Key references: 8-47, 8-49). 


5.8.4 Microwave Snowpack Studies 

In order to measure remotely the 
snowpack properties important for agri- 
cultural water supplies and water man- 
agement practices, microwave data and 
radiative transfer models have been 
used. The most significant result was 
obtained from using the newly available 
SMMR data from the Nimbus-7 envirion- 
mental satellite. Both empirical and 
theoretical models were found to pro- 
duce significant relationships between 
microwave brightness, temperature, and 
snow depth measurements over a winter 
wheat area in the U.S.S.R, The shallow 
snowpacks observed (less than 25 centi- 
meters deep) are representative of the 
depths necessary for insulating the wheat 
seedlings from low winter temperatures. 
Early knowledge of the snow depth dur- 
ing the winter months is, therefore, 
critical in predicting the forthcoming 
winter wheat yield. 


Figure 16 shows one result of the high 
degree of correlation between the pre- 
dicted and the actual relationship in the 
snowdepth range from 0 to 25 centi- 
meters. The model has also been used 
successfully to predict snow depths in 
deeper mountain snowpacks using truck 
and aircraft microwave data. Such 
measurements will aid in the further 
improvement of hydrological runoff 
forecasts. 

(Key reference: 8-50). 

5.8.5 Technical Objectives, Pollution 

The pollution objectives of the C/P 
project include assessing the effective- 
ness of various conservation practices in 
limiting pollution and assessing the 
impact of pollution on the environment. 
Runoff from agricultural lands carries 
sediment into streams and lakes, and this 
is the primary water pollutant of initial 
concern. The thrust of FY 1%0 work 
was to develop remote sensing methods 
of measuring such pollution. 


5.8.6 Measuring and Monitoring Water 
Pollutants 

Changes in water clarity or water 
turbidity occur as a result of sediment 
loadings. Sediment loading from agricul- 
tural runoff in lakes and reservoirs 
typically ranges between 50 and 500 
parts per million (ppm). In estuaries and 
coastal waters, it commonly ranges 
between 1 and 50 ppm. 

Because of the extremely high con- 
centrations of agricultural runoff in 
lakes and reservoirs, project scientists 
have focused the 1980 research on the 
special light reflectance characteristics 
of these water bodies. 
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Figure 15, Polar map showing snow cover. 
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Figure 16, Nimbus-? environmental satellite microwave 
measurements versus snow depth (U,S,S,R.) . 
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In FY 1980, laboratory measurements 
were made at the NASA Langley 
Research Center of the upwelled spec-* 
tral reflectance of suspended sediments 
from Lake Chicot, Arkansas, and John 
Kerr Reservoir, Virginia. Figures 17(a) 
and (b) show the reflectance spectra 
obtained during these tests for various 
total suspended solids (TSS) concentra- 
tions. For TSS, values of 80 ppm signals 
tend to merge, indicating saturation, at 
visible wavelengths between 400 and 650 
nanometers. At near-infrared wave- 
lengths, between 700 and 960^ nano- 
meters, there is good signal discrimina- 
tion for TSS concentrations up to 783 
ppm. This result indicates that remote 
sensing measurements probably will be 
useful at near-infrared wavelengths. 

The remote sensing saturation effect 
is better shown in figure 18. For both 
Lake Chicot and Kerr Reservoir sedi- 
ments, the reflectance signal becomes 
flat at TSS values around 100 ppm for 
wavelengths equal to 450, 550, and 650 
nanometers. At wavelengths equal to 
750, 840, and 900 nanometers, signals 
have positive slopes, indicating that 
definitive measurements can be made at 
near-infrared wavelengths. Band 4 (760 
to 900 nanometers) of the Landsat them- 
atic mapper instrument appears to have 
good potential for monitoring high 
sediment loads in reservoirs and rivers. 

(Key references: 8-54, 8-55). 
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(a) Reflectance of Lake Chicot sediments in Idbovatovy^ 
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(h) Reflectance of Kem Resenvoiv sediments in lahovatovy* 


Figure 17* Spectral characteristics of vnterbome sediment* 
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(a) Lake Chicot sediments. 
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(b) Kerr Reservoir sediments. 


Figure 18. Reflectance of waterborne sediments at various wavelengths. 
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APPENDIX A 

AgRISTA-RS MANAGEMENT AND ORGANIZATION 


1. INTRODUCTION 

The program scope of AgRISTARS 
specifically addresses the seven 
information requirements identified by 
the Secretary of Agriculture. It is 
structured into projects designed to 
conduct research, develop, test, and 
evaluate the various applications of 
aerospace technology. These projects 
are designed to support a decision 
regarding the routine use of remote 
sensing technology by USD A. 


2. RESPONSIBILITIES 

The organization and management 
philosophy recognizes that each involved 
Government agency enters Into an agree- 
ment to support remote sensing research 
which wiil address the information 
requirements defined by the USD A, 
Each Government agency budgets, 
manages, and maintains control of the 
resources necessary to meet its own 
responsibilities as jointly agreed upon 
(see figure A-1). 

3. JOINT MANAGEMENT 
STRUCTURE/ORGANIZATION 

The program utilizes the matrix man- 
agement system. There are eight major 
projects, each having a number of tasks 
assigned to various line organizations of 
the participating agencies. Each of the 
eight projects has a project manager who 
reports to a Program Management Team 


Joint Program of Research and 
Development of Users of Aerospace 
Technology for Agricultural Programs, 
Feb. 1978. 


(PMT). The PMT, In turn, takes its 
direction and guidance from the Inter- 
agency Coordinating Committee (ICC). 
As viewed in figure A-2, the functional 
relationships are structured into a three- 
level management system, each having 
distinct responsibilities. 


3.1 INTERAGENCY POLICY BOARD 

The Interagency Policy Board (IPB), 
chaired by USDA, is a joint agency group 
of policy-level officials at the Assistant 
Secretary or equivalent level. It Is 
responsible for approving major inter- 
agency agreements and establishing basic 
policies and guidelines for the program. 

3.2 INTERAGENCY COORDINATING 
• COMMITTEE (LEVEL 1) 

The ICC is comprised of membership 
from USDA, NASA, USDC, USDl, and 
AID. It is chaired by the USDA and is 
responsible for: approving AgRISTARS 

program objectives and establishing 
priorities; approving the AgRISTARS 
Program Plan; assessing progress, 
identifying problems, and developing 
corrective actions; and coordinating the 
use of resources assigned to the program. 


3.3 PROGRAM MANAGEMENT TEAM 
(LEVEL 2) 

The PMT represents a joint approach' 
to management which provides partici- 
pation, project integration, and needed 
visibility by all participants and assures 
full responsiveness to USDA information 
requi rements. 
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I 

to 


USDA 

NASA 

USDC 

• DEFINITION OF USDA INFORMATION 

• RD&T FOR FOREIGN CROP AREA ESTIMATION. 

• METEOROLOGICAL DATA BASE. 

REQUIREMENTS. 


• RO&T FOR COMBINING AREA AND YEILD 

• RD&T AND APPLICATIONS OF 

• YIELD MODEL RESEARCH, DEVELOPMENT, AND 

ESTIMATES FOR FOREIGN CROP PRODUCTION. 

ENVIRONMENTAL SATELLITE DATA. 

TESTING (RD&T) AND APPLICATIONS. 


• FIELD RESEARCH. 

• RD&T METEOROLOGICAL YIELD MODELS. 

• RD&T ^ APPLICATIONS ANALYSIS FOR AREA, 

YIELD, AND PRODUCTION ESTIMATION. 

« LANDSAT DATA ACQUISITION. 

• RD&T WEATHER/CROP ASSESSMENTS.^ 

• DEVELOPMENT OF AGRONOMIC/ANCILLARY DATA 

• RD&T - SPECTRAL INPUTS TO YIELD MODELS. 

« RD&T ON USE OF CONVENTIONAL AND 

BASE. 


SATELLITE-DEFINED METEOROLOGICAL DATA 


• RD&T - SPECTRAL INPUTS TO QUANTITATIVE 

■ APPLIED TO RRI AND C/P. 

• USER EVALUATION. 

EW/CCA. 

• RD&T ON TECHNIGUES FOR DETERMINING 

* GROUND DATA COLLECTION. 

. RO&T FOR SPECTRAL ANALYSIS RELATED TO 
INVENTORY AND CONDITION ASSESSMENT 

SOIL MOISTURE. 

• RD&T AND APPLICATIONS FOR CROP/WEATHER 
ASSESSMENTS.' 

TECHNIQUES FOR RRI. 

USDI 

« RD&T. INVENTORY AND MONITORING TECH- 

• RD&T AND APPLICATIONS FOR EW/CCA ANALYSIS. 

NIQUES FOR LAND USE AND C/P. 

• LANDSAT DATA STORAGE, RETRIEVAL, AND 
DISSEMINATION. 

• RD&T AND APPLICATIONS FDR RRI ANALYSIS. 

* RO&T FOR REMOTELY SENSED SOIL 

AID 


MOISTURE MEASURING TECHNIQUES. 

• RD&T AND APPLICATIONS FOR LAND USE. 

PRODUCTIVITY AND C/P ANALYSIS. 

• DEFINITION OF REQUIREMENTS FOR FUTURE 

• EVALUATION OF UTILITY OF RD&T RESULTS 


SENSORS (INCLUDING IN^ITU). 

FOR APPLICATIONS IN DEVELOPING COUNTRIES. 

• RD&T FOR SOIL MOISTURE MEASURING 
TECHNIDUES. 

• LARGE.SCALE APPLICATIONS TESTS. 


primary emphasis is on assessment of crop conditions (e.g., yield, production) using meteorological data as an input to develop needed information. 


2 

Primary emphasis Is on acquisition and evaluation of meteorological data in terms of its utility, for crop condition assessment. 


F-igure A-1 . AgEISTARS responsibilities of five Government agencies. 




A- 3 



F-tguve A~2. 


Joint ageney program .management and funotional relationships. 











The PMT will act as the project 
change authority for all Issues and 
significant changes affecting specified 
control milestones and schedules and 
project goals and objectives. 

3.4 PROGRAM SUPPORT STAFF 

The Program Support Staff (PSS) is 
led by USDA, has membership from all 
agencies, and provides staff support to 
the PMT. 


4. PROJECT MANAGERS (LEVEL 3) 

Each of these projects is headed by a 
project manager who is selected from a 
participating agency, based principally 
upon considerations of technical 
expertise and expected levels of agency 
involvement. The project managers are 
responsible to the PMT for planning and 
managing activities within the! r projects. 
This includes defining project content, 
identifying expected products and sched- 
ules, assessing status and progress, 
identifying problems, making change 
recommendations, planning and defining 
tasks, and participating with other 
project managers in the integration of 
the various projects. 


Internal reviews will be held at the 
various levels of management as- 
required. 


6. DOCUMENTATION 

Ail aspects of the program will be 
documented in full by: reports; technical 
memoranda and journal articles, as 
appropriate; press releases; and' program 
progress reports. 

7. PARTICIPATING ORGANIZATIONS 

Many elements of Government, indus- 
try, and the university community are 
participants in AgRI STARS. These 
organizations are shown in figure A-3. 


5. REVIEW AND REPORTING 

A review and reporting plan has been 
established to support major program 
planning and budgetary events. 

Each year in the May-June time 
period, the PMT, project managers, and 
task managers will update each of the 
project implementation plans to reflect 
current budgets and the results and 
recommendations resulting from the 
various technical reviews. 
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APPENDIX B 


AgRISTARS PROGRAM AND PROCRAM-RELATED DOCUMENTATION 

1. GENERAL 


This appendix contains a by-project listing of all AgRISTARS Program and Program- 
related documentation from Program inception through documentation of tasks 
completed in Fiscal 1980. The listing provided has been further subdivided within each 
project into areas of plans, reports, procedures, etc. to facilitate easy look-up of desired 
documentation. 


2. REQUESTING DOCUMENTS 
2.1 CONTROLLED DOCUMENTS 


Documents which carry an AgRISTARS control number may be obtained from NASA/jSC 
by either telephone or mail request. Address requests to: 

Lyndon B. Johnson Space Center 
SK - Documentation Manager 
Houston, Texas 77058 
-Telephone 713-483-4776 


2.2 UNNUMBERED DOCUMENTS (00900 SERIES AND PRESENTATIONS) 


Requests for material within this area will be honored based upon availability of data. 
Requests should be made to: 

Lyndon B. Johnson Space Center 
(Appropriate Project) 

SK - Program Support Staff 
Houston, Texas 77058 
Telephone 713-483-2548 
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EW/CCA 


Instructions - 00100 


1-16. 


Early Warning/Crop Condition Assessment'lrnple- 
mentation Plan. EW-J 1-C0622, JSC-16862,1981. 


1-01. Soil Moisture/Early Warning and Crop Condition 
Assessment Interface Control Document* MU- 
J 0-0101, JSC-16842, August 1980. 

1-02. Yield Model Developmetit/Early Warning and 
Crop Condition Assessment Interface Control 
Document. MU-JO-0102, JSC-16843, August 
1980. 


*EW/CCA Reports - 00400 


1-03. Meteorological Satellite Oata-A Tool to Describe 
the Health of the Worlds Agriculture. EW-N1- 
04042, JSC-17112, February 1981. 

1-04. Hand-held Radiometry-A Set of Notes Developed 
for Use at the Workshop on Hand-held Radiom- 
etry. EW-U1-04052, JSC-17118, October 1980. 

1-05. Soil Moisture Inferences from Thermal Infrared 
Measurements of Vegetation Temperatures. EW- 
U1-04068, JSC-17125, March 1981. 

1-06. Large Area Application of a Corn Hazard Mode!. 
EW-U1-04074, JSC-17130, March 1981. 

1-07. The Characteristics of TIROS, GOES, DMSP, and 
Landsat Systems. EW-N1-04075, JSC-17131, 

M arch 1981* 

1-08. The Environmental Vegetative Index-A Tool 
Potentially Useful for Arid Land Management. 
EW-Nl-04076, JSC-17132, March 1981. 


1-09. Canopy Temperature as a Crop Water Stress Indi- 
cator. EW-U1-04077, JSC-17133, March 1981. 

1-10. Plant Cover, Soil Temperature, Freeze, Water 

Stress, and E vapotranspiration Conditions. 

EW-U1-04103, JSC-17143, March 1981. 

1-11. Utilization of Meteorological Satellite Imagery 

for Worldwide Environmental Monitoring: The 

Lower Mississippi River Flood of 1979. EW-N1- 
04174, JSC-17144, March 1981. 

1-12. Techniques in the Use of NO A A 6-n Data for 
Crop Condition Evaluation. EW-N1-04105, JSC- 
17145, April 1981. 

1-13. Two Layer Soil Water Budget Mode I- A Tool for 
Large Area Soil Moisture Estimates. EW-U1- 
04106, JSC-17146, April 1981. 

1-14* Comparison of Land$at-2 and Field Spectrometer 
Reflectance Signatures of South Texas Rangeland 
Plant Communities. EW-U1-04107, JSC-17147, 
April 1981. 


EW/CCA* Plans -00600 


1-15. Early Warning/Crop Condition Assessment Imple- 
mentation Plan. EW-J0-C0617, JSC-16852, 1980. 


EW/CCA Procedures - 00700 


1-17. Program Development and Maintenance Stand- 
ards. EW-UO-00700, J SC-16367, J une 1980, 

1-18, Limited Area Coverage/High Resolution Picture 
Transmission LAC/HRPT, User's Manual Tape 
Conversion Processor. EW-L0-00701, JSC-16373, 
LEMSCO-15325, June 1980. 

1-19. Limited Area Coverage/High Resolution Picture 
Transmission, LAC/HRPT, IJ Grid Pixel Extrac- 
tion Processor User’s Manual, EW-LO-00702, 
jSC-16374, LEMSCO-15325, June 1980. 

1-20, Limited Area Coverage/High Resolution Picture 
Transmission, LAC/HRPT,. Vegetation Index Cal- 
culation Processor User's Manual. EW-LO-00703, 
j SC-16375, LEMSCO-15327, June 1980. 

1-21. Tape Merge/Crop Processor. EW-LO-00704, JSC- 
16381, LEM SCO-15356, August 1980. 

1-22. EROS to Universal Tape Conversion Processor- 
EW-LO-00705, ISC-16382 L EM SCO-15357, August 
1980, 

1-23. Conversion of SPU-Universal Disk File to JSC- 
Universal Tape Storage CONVRT User's Guide. 
EW-LO-00706, JSC-16821, LEMSCO-15608, 

September 1980. 

1-24. Patch Image Processor User's Manual. EW-LO- 
00707, JSC-16833, L EMSCO-15692, October 1960. 

1-25. Skip Subsampling Processor User's Manual. EW- 
LO-00708, JSC-16854, L E MS CO-15114, November 
1980, 

1-26. Wheat Stress Indicator Model, Crop Condition 
Assessment Division (CCAD) Data Base Interface 
Drives, User's Manual, EW-L1-00711, JSC-17114, 
LEMSCO-16034, February 1981. 

1-27. Winterkill Indicator Model, Crop Condition 
Assessment Division (CCAD) Data Base Interface 
Driver, User's Manual. EW-L1-00713, J SC-17117, 
LEMSCO-16033, March 1981. 

1-28. Computer Program Documentation for the Patch 
Subsampling Processor. EW-L1-00709, JSC- 
16855, LEMSCO-15119, January 1981. 


EW/CCA Unnumbered Documents - 00900 


1-29. Aden, L. H., Jr., J. F. Bartholic; R, G. Rill, Jr., 
A, F. Cook, H. E. Hannah, K. F. Heimberg, W. H. 
Henry, K. Hokkanen, F, G, Johnson, and J. W.' 
Jones: E vapotranspiration Measurements. In 

Florida Water Resources, NAS 10-9348, Final 
Report, I F AS, University of Florida, in coopera- 
tion w/NASA, Kennedy Space Center, South 
Florida Water Management District, and USDA, 
SEA, AR;, 1980, pp. 5.6-1 to 5.6-88. 
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1-30. Allen, R. F., R. D. Jackson, and P. J. Pinter, Jr.: 
To Relate Landsat Data to U.S. Agriculture. 
Agrlc Engin., vol. 61, no. 11, 1980, pp. 12-14. 

1-31. Brazel, A. J., and S. B. Idso: Thermal Effects of 
Dust on Climate. Annals Assoc. American 
Geographers, vol. 69, 1979, pp, 432-437. 

1-32. Chen, E., L, H, Allen, Jr.; J. F, Bartbolic, R. G. 

Bill, I r., and R. A. Sutheland: Satellite-Sensed 

Winter Nocturnal Temperature Patterns of the 
Everglades Agricultural Area, J. Appl. Meteorol- 
ogy, vol. 18, 1979, pp. 992-1002, 

1-33. Diez, J, A., W. G. Hart, S. j. Ingle, M. R. Davis, 
and 5. Rivera. The Use of Remote Sensing in 
Detection of Host Plants of Mediterranean Fruit 
Flies in Mexico. Proc. of 14th Internatl Sympos. 
on Remote Sensing of the Environment, vol. M, 
1980, p. 675, 

1-34. Everitt, j. H., A. H. Gerbermann, M. A, Alaniz, 
and R. L. Bowen: Using 70-mm Aerial Photog- 

raphy to Identify Rangeland Sites. Photogram- 
metric Engin. and Remote Ser^sing, 1980, pp. 
1339-1348. 

1-35. Everitt, J. H., A. H, Gerbermann, M. A, Alaniz, 
and R. L. Bowen: Using 70-mm Aerial Photog- 

raphy to Identify South Texas Rangeland Sites, 
Proc. 46th Annual Meeting of American Soc. 
Photogram met ry, St. Louis, Mo., 1980, pp. 409- 


1-36. Gausman, H; W., J. R. Everitt, and D. £. Escobar: 
Seasonal Nitrogen Concentration and Reflectance 
of Seven Woody Plant Species, J. Rio Grande 
Valley Hort. Soc., vol, 33, 1979, pp, 101-104. 

1-37. Gausman, H. VV., J. HTEv^itt, and D. E. Escoban 
Leaf Reflectance-Nitrogen-Chlorophyll Relations 
Among Three South Texas Woody Rangeland Plant 
Species. Proc. Rio Grande Valley Hort. Soc., 
vol. 34, 1980, pp. 61-66. 

1-38. Gerbermann, A, H., J, H. Everitt, and H. W. 

Gausmann: Reflectance of Litter Accumulation 

Levels at Five Wavelengths Within the 0.5- to 
2.5-um Waveband. (Submitted to Photogram- 
metric Engin. and Remote Sensing.) 

1-39. HatfieI4 I* i-*/ J* P* Millard, R. j. Reginato, 
R. D. Jackson, S. B, Idso, P. j. Pinter, Jr., and 
R. C* Goettelman: Spatial Variability of Surface 
Temperature as Related to Cropping Practice 
with Implications for irrigation Management. 
Proc. of 14th Annual Sympos. on Remote Sensing 
of the Environment, 1980, pp. 1311-1320. 

1-40. Idso, S. B.: Terrain Sensing, Remoter. (D. N. 

Lopedes, ed.) McGraw-Hill Yearbook of Science 
and Technology, pp. 392-393. 

1-41. Idso, S. B.: The Climatological Significance of a 

Doubling of Earth's Atmospheric CO^ Concentra- 
tion, Science, vol. 207, 1980, pp, 1462-1463. 


1-42. Idso, S. B,: Reply to 2 "Letters to the Editor" of 

Science in regards to a paper of S. B. Idso on 
"Carbon Dioxide and Climate," Science, 1980, 
pp. 7-8, 

1-43. Idso, S. B.: Evaluating Evapot ranspiration Rates. 

In Proc. Deep Percolation Sympos., Scottsdale, 
Ariz. Ariz. Depart, of Water Resources Report 
No. 1, 1980, pp. 25-36. 

1-44, Idso, S. 8.: On the Apparent Incompatibility of 

Different Atmospheric Thermal Radiation Data 
Sets. Quarterly J. Royal Meteor. Soc., vol. 106, 
1980, 375-376. 

1-45, Idso, S. B.: Book Review "Boundary Lasyer Clim- 
ates," by T. R, Ok. Agric. Meteorol., vol. 22, 

1980, p. 81, 

1-46. Idso, 5, B,: Relative Rates of Evaporative Water 
Losses from Open and Vegetation-Covered 
Bodies. Water Resources Bull, (in press). 

1-47, Idso, S, B., R. D. Jackson, P. J, Pinter, Jr., R, J. 

Reginator, and J. L, Hatfield: Normalizing the^ 

Stress-Degree-Day Parameter for Environmental 
Variability, Agric. Meteorol, (in press). 

1-48. Idso, S. B., R. j. Reginato, J. L. Hatfield, G. K. 

Walker, R. D, Jackson, and P, J. Pinter, Jr,: A 

Generalization of the Stress-Degree-Day Concept 
of Yield Prediction to Accommodate a Diversity 
of Crops. Agric. Meteorol., vol. 21, 1980, pp. 
205-211, 

1-49. Ingle, S. J.: Trabajos hechos de la percepcion 

remota. Presented at 3rd Sympposra de Prasito- 
logic Agricola, Monterrey, ^Mexico, 1980. 

1-50, Jackson, R. D., S. B. Idso, R, J. Reginato, and 
P, J. Pinter, Jr.: Remotely Sensed Crop Tem- 

peratures and Reflectances as Inputs to Irrigation 
Scheduling. Proc. American Soc. Civil Engin. 
Specialty Conf., Boise, Idaho, July 23-25, 1980, 
pp, 390-397. 

1-51, Jackson, R. D., V. V. Salomonson, and T. J. 

Schmugge: Irrigation Management-Future Tech- 

niques. In Proc, American Soc, Agria Engin. 
Second Nat'l Irrigation Sympos., Lincoln, Nebb, 
October 1980. 

1-52, Kanemasu, E, T., A. Feyerherm, J, Hanks, 

M. Keener, D. Lawlor, P. Rasmussen, H, Reetz, 
K, Saxton, and C. Wiegand: (Co-authors in alpha- 
betical order.) Use of Soil Moisture Information 
in Crop Yield Models. Evapot ranspiration Lab., 
Kansas State University, Manhattan, Karu, Tech. 
Report SM-MO-00462, NAS 9-14899, 41 pp. 

1-53. Kimes, D. S., S, B. Idso, P. J, Pinter, J r., R. D. 
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Aggregation Test: U.S. Corn and Soybeans 

Exploratory Experiment. FCrLO-00493, JSC- 
16820, LEMSCO-15116, October 1980. 

2-18. A Description of the Reformatted Spring Small 
Grains Labeling Procedure Used in Test 2, Part 2, 
of the U.S./Canada Wheat and Barley Exploratory 
Experiment. FC-LO-04000, JSC-16827, LEMSCO- 
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can Soc. Agronomy, Crop Sci. Soc. America, Soil 
Sci. Soc. America, November-December 1980. 

Hay, C. N,: Remote Sensing Measurement Tech- 
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Hixson, M., S. Davis, and M. Bauer: 1981 LARS 
Sympos. Evaluation of a Segment-Based Full- 
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Agricultural Productivity. A commissioned paper 
for AAAS-DOE Proj. - Environmental and 
Societal Consequences of a CO 2 Induced Climate 
Change, 107 pp. (in press). 
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3-60. 
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to Senescence of Field-Grown Soybean Cultivars. 
Crop Sci., vol. 20, 1980, pp, 196-200. 

3-52. 

3-53. 

Motha, R. P.: Soybean Models for Iowa, Illinois, 
and Indiana. NOAA, Columbia, Missouri, 1980. 

Musick, J. T., and D. A. Dusek: Planting Data 

3-65, 

Sinclair, T, R.; Plant Organ Chambers in Field 
Plant Physiology Research. Hort. Sci., vol. 15, 
1980, pp. 620-623. 


and Water Deficit Effects on Development and 
Yield of Irrigated Winter Wheat. Agron. J., 
vol. 72, 1980, pp. 45'-52. 

3-66. 

Sinclair, T, R., D. G. Lugg, and S. C. Spaeth: 
Comparative Fixation and Utilization of Carbon 
and Nitrogen Among Soybean Genotypes. In 
Advances In Legume Science. (R. J. Summerfield 

3-54. 

Parsons, i* E., C* J. Phene, D. N* Baker, j. R. 
Lambert, and J. M. McKmion: Soil Water Stress 
and Photosynthesis in Cotton, Physiologia 


and A. H. Bunting, eds.) Royal Botanic Gardens, 
Kew, England, 1980, pp. 312-322, 


Plantarum, voU 47, 1980, pp. 185-189. 

3-67, 

Synder, J. R., M. D. Skol4 and W. 0. Willis: Eco- 
nomics of Snow Management for Agriculture in 

3-55. 

Peterson, C. M., R. W, Rickman, and B. Klepper: 
The Influence of Light on Leaf and Tiller 
Development in Winter Wheat. Plant Physiol., 


the Great Plains. J. Soil and Water Conserv., 
vol. 35, 1980, pp. 21-24. 


vol. 65, 1980, p. 133. 

3-68. 

Strand, B. W,: Spatial Scale of Crop-Yield 

Models. A Review of the Relationship Between 

3-56. 

Pinter, P. J., j r., R. 0. Jackson, S. B. Idso, and 
R. J. Reginato: Multidate Spectral Reflectances 
as Predictors of Yield in Water Stressed Wheat 


Scale of Models and Accuracy. USDA, ESS, 
SRD. ESS Staff Rpt. AG ESS 810320, 1981. 


and Barley. Internat'l J. Remote Sensing (in 
press). 

3-69. 

Thompson, W. A,, Jr.: On Model Testing and 

Evaluation. Department of Statistics, Univ. of 
Missouri - Columbia, I960, 
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3-70, 

3-71. 

3-72. 

3-73. 

3-74. 

3-75, 

3-76, 

3-77. 

3-78. 

3- 79. 
3-80. 

SR 

4 - 01 . 


Tucker, C. J., J. H, Elgin, Jr., and J. E, 
McMurtrey, Ml: Relationship of Crop Radiance to 
Alfalfa Agronomic Values, Internat'I J. Remote 
Sensing, voL 1, no. 1, pp. 69-75. 

Tucker, C. ]., B. N, Holben, j, H, Elgin, Jr«,and 
J. E. McMurtrey, III: Relationship of Spectral 

Data to Grain Yield Variation. Photogram metric 
Engin. and Remote Sensing, vol. 46, no. 5, 1980, 
pp. 657-666. 

Tucker, C, J., B. N. Holben, J. H. Elgin, Jr., and 
J. E. McMurtrey, III: Remote Sensing of Total 

Dry-Matter Accumulation rn Winter Wheat. 
NASA Tech. Memo 80631, 1980. 

Wang, J. R., ]. C. Shiue, and J. R. McMurtrey, III: 
Microwave Remote Sensing of Soil Moisture Con- 
tent Over Bare and Vegetated Fields. NASA 
Tech. Memo 80669, 1980. 

Wang, J* R., }• C. Shiue, and J. E« McMurtrey, III: 
Microwave Remote Sensing of'SoiI Moisture Con- 
tent Over Bare and Vegetated Fields, Geophysical 
Res. Letters, vol, 7, no. 10, 1980, pp. 801-804. 

Wiegand, C, L., and J. A. Cuellar: Direction of 

Grain Filling and Kernal Weight of Wheat as 
Affected .by Temperature. Crop Sci., vol. 21, 
1981, pp. 95-101. 

Wiegand, C. L., A. H. Gerbermann, and J. A. 
Cuellar: Development and Yield of Hard Red 

Winter Wheat Under Subtropical Conditions. 
Agron. J., vol. 73, no. 1, 1981, pp. 29-38. 

WiHis, W. O.: Water Conservation for Semiartd 

Rangelands. In Proc. Internat'I Atomic Energy 
Agency Advisory Group meeting on Use of 
Nuclear Techniques in Improving Pasture 
Management (co-sponsored by ICAR DA), Vienna, 
Austria (in press). 

Willis, W, 0., M. D. Skol4 and j. R, Snyder: Snow 
Management and Its Economic Potential in the 
Great Plains. In Proc, Nat'l Conf. on Climate and 
Risk (sponsored by MIT and NRC). (L. Pocinki, 
ed.) Presented May 27-29, 1980, Arlington, Va. 
(in press). 

Yule, D. F., and J. T. Ritchie: Soil Shrinkage 

Relationships of Texas Vertisols. I. Small Cores. 
Soil Scl. Soc» American J., vol. 44, no. 6, 1980, 
pp. 1285-1291. 

Yule, D. F., and J. T. Ritchie; Soil Shrinkage 
Relationships of Texas Vertisols. II. Large Cores. 
Soil Sd. Soc. American J., vol. 44, no. 6, 1980, 
1291-1295. 


Task Descriptions -00300 


ERSYS-SPP Access Method Subsystem Design 
Specificat ion. MU-11-00300, September 1980. 


SR Reports - 00400 


4-02. Experimental Design Considerations for Analyst 
and Segment Effects In Crop Proportion Esti- 
mates. SR-I9-00400, NAS 9-14350, November 
1979. 

4-03. Crop Classification With Landsat Multispectral 

Scanner Data II. SR-19-00401, NAS 9-14350, 
November 1979. 

4-04. FINAL REPORT: Development and Evaluation of 
Clustering Procedures. SR-T9-00402, NAS 9- 
14689, November 1979. 

4-05. Informal Progress Review. SR-j 9-00403, 

November 30, 1980. 

4-06. FINAL REPORT: Development of Landsat Based 
Technology for Crop Inventories. SR-E9-00404, 
NAS 9-15476, December 1979. 

4-07. Crop Yield Literature Review for AgRI STARS 
C rop Corn/Soybeans/Wheat/Barley/Sorghum/Rice 
/Cotton/Sunflowers* SR-L9-00405, j SC-16320, 
LEC-13791, December 1979. 

4-08. Composition and Assembly of a Spectral Data 
Base for Corn and Soybean Multicrop Segments. 
SR-LO-00407, j SC-13773, L EC-14250, j une 1980. 

4-09, Quantitative Estimation of Plant Characteristics 
Using Spectral Measurement: A Survey of the 

Literature. SR-LO-00408, JSC-16298, LEC- 

14077, January 1980. 

4-10. Crop Phenology Literature Review for Corn, Soy- 
bean, Wheat, Barley, Sorghum, Rice, Cotton, and 
Sunflower- SR-L9-00409, JSC-16088, L EC-13722, 
November 1979. 

4-11. FINAL REPORT: Agricultural Scene Understand- 
ing and Supporting Field Research. SR-P9-00410, 
NAS 9-15466, Vol. I, November 1979. 

4-12. FINAL REPORT: Processing Techniques Devel- 

opment Part 1: Crop Inventory Techniques. SR- 
P9-00411, NAS 9-15466, Vol. II, November 1979. 

4-13. FINAL REPORT: Processing Techniques Devel- 
opment Part 2: Data Preprocessing and Infor- 

mation Extraction Techniques, SR-P9-00412, 
NAS 9-15466, Vol. Ml, November 1979. 

4-14. FINAL REPORT: Computer Processing Support. 

SR-P9-00413, NAS 9-15466, Vol. IV, November 
1979. 

4-15. FINAL REPORT: Annual Technical Summary. 

SR-P9-00414, NAS 9-15466, November 1979. 

4-16. Variability of Crop Calendar Stage Dates. SR- 
LO-00416, JSC-16309, L EMSC 0-14070, January 
' 1980. 

4-17. Composition and Assembly of a Spectral Data 

Base for Transition Year Spring Wheat Blind 
Sites, Volume I. SR-LO-00417, JSC -16273, L EC- 
14069, January 1980. 
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4-18. 


4-35. 


Interpretation of Landsat Digital Data Using a 
Cubic Color Model Based on Relative Energies. 
SR-LO-00418, JSC -13776, L EMSCO-13499, 

February 1980^ 

4-19. Utilization of Spectral-Spatial Information in the 
Classification of Imagery Data. SR-LO-00419, 
JSC -16335, LEMSCO-14310, June 1980. 

4-20. January 1980 Supporting Research Task Manager's 
Report. SR -J 0-00421, January 31, 1980. 

4-21. Label Identification From Statistical Tabulation 
(LIST) Temporal Extendabillty Study. SR-LO- 
00424, JSC-16334, L EMSCO-14278, February 

1980. 

4-22. A Labeling Technology for Landsat Imagery. SR- 
LO-00425, ) SC-16341, L EMSC 0-14357, May 1980, 

4-23. FINAL REPORT: Procedure M System Descrip- 

tion Document. SR-IO-00426, NAS 9-14350, 
October 1979. 

4-24. Estimation of Probabilities of Label Imperfec- 
tions and Correction of Mislabels. SR-LO-00427, 
JSC-16342, LEMSCO-14356, March 1980, 

4-25. Label Identification From Statistical Tabulation 
(LIST) Application of RIDIT Analysis* SR-LO- 
00430, JSC-16345, LEMSCO-14390, March 1980. 

4-26. Physiocochemical, • Site, and Bidirectional 

Reflectance Factor Characteristics of Uniformly 
Moist Soils. SR-P0-Q0431, NAS 9-15466, 
February 1980. 

4-27, FINAL REPORT: Development of Al Procedures 

for Dealing With the Effects of Episodal Events 
on Crop Temporai-Spectral Response and Devel- 
opment of Ai Guidelines for Corn & Soybean 
Labeling. SR-B9-00434, NAS 9-14565, November 
1979. 

4-28. Semi-Annual Project Management Report. 

SR-JO-00435, j SC-16349, March 1980. 

4-29. AgRI STARS Cropping Practices and Crop Charac-. 

teristics Based on 1979 ESCS Observations. 
SR-JO-00438, JSC-16353, Aprii 1980, 

4-30. Some Approaches to Optimal Cluster Labeling of 
Aerospace Imagery. SR-LO-00440, JSC-16355, 
LEMSCO-14597, April 1980. 

4-31. An Exploratory Study t*o Develop a Cluster-Based 
Area Estimation Procedure. SR-LO-00442, j SC- 
16358, LEMSCO-14670, May 1980. 

4-32. Contextual Classification of Multispectral Image 
Data. SR-PO-00443, NAS 9-15466, January 1980. 

4-33. Context Distribution Estimation for Contextual 
Classification of Multispectral Image Data. 
SR-PO-00444, NAS 9-14566, April 1980. 

4-34. Spatial-Spectral Procedure Development: The 

Purity Experiment. SR-IO-00445, NAS 9-14350, 
April 1980. 


Crop Calendars for the U.S., USSR, and Canada in 
Support of the Early VVarning Project. SR-LO- 
00450, ISC-16359', L EM SCO-14673, July 1980. 

4-36. Purity Data' Report- SR-IO-00452, NAS 9-14350, 
April 14, 1980. 

4-37. Evaluation of Bayesian Sequential Proportion 
Estimation Using Analyst Labels. SR-LO-00453, 
JSC-16361, LEMSCO-14355, May 1981. 

4-38. Pixel Labeling by Supervised Probabilistic Relax- 
ation. SR-PO-00454, NAS 9-15466, February 1980. 

4-39. On the Accuracy of Pixel Relaxation Labeling. 
SR-PO-00455, NAS 9-15466, March 1980, 

4-40. Evaluating the Use of Analyst Labels in Maximum 
Likelihood Cluster Proportion Estimation. SR- 
LO-00456, JSC-16538, L EMSCO-14672, April 

1980. 

4-41. Interpolation of Daily and Monthly Precipitation 
and Temperature Using the Wagner Variational 
Analysis Technique. SR-jO-00457, JSC-16504, 
March 1980, 

4-42, Effects of Management Practices on Reflectance 
of Spring Wheat Canopies. SR-PO-00458, NAS 9- 
15466, May 1980. 

4-43. An Algorithm for Estimating Crop Calendar 
Shifts of Spring Small Grains Using Landsat 
Spectral Data, SR-EO-00459, NAS 9-15476, June 
1980. 

4-44. Sampling of Rectangular Regions. SR-L0-00460, 
JSC-16362, June 1980,^ 

4-45. Multispectral Data Analysis Based on Ground 
Truth Crop Classes. SR-IO-00461, NAS 9-14350, 
J une 1980. 

4-46. Proportion Estimation Using Prior Cluster 

Purities. SR-LO-00465, JSC-16754, LEMSCO- 

15163, July 1980.' 

4-47. Minimum Variance Geographic Sampling. SR-LO- 
00467, JSC-16370, L EMSCO-15179, July 1980* 

4-48. A Multispectral Data Simulation Technique. 

SR-PO-00469, NAS 9-15466, July 1980. 

4-49. Canadian Crop Calendars in Support of the Early 
Warning Project. SR-LO-00475, JSC-16376, 

LEMSC 0-14676, August 1980. 

4-SO. Preliminary Evaluation of the Environmental 

Research Institute of Michigan Crop Calendar 
Shift Algorithm for Estimation of Spring Wheat 
Development Stage. SR-LO-00476, JSC-16377, 
LEMSCO-15115, September 1980. 

4-51. The Numerical Trails of HiSSE, 5R-H0-00477, 
NAS 9-14689, August 1980. 

4-52. The Multicategory Case of the Sequential 
Bayesian Pixel Selection and Estimation Proce- 
dure. SR-LO-00478, JSC-16378, L EMSCO-14807, 
November 1980. 
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4-53. A Semi-Automatic Technique for Mult itempora^ 
Classification of a Given Crop. SR-J 0-00481, 
j SC-16381, July 1980. 

4-54. Taxonomic Classification of World Soil Map Units 
Occurring in Selected Brazilian States With Rep“ 
resentative U.S. Soil Series and Numerical Rating 
of Physical and- Chemical Soil Properties Signifi- 
cant to Crop Production. SR-UO-00482, JSC- 
16383, September 1980. 

4-55. Probabilistic Cluster Labeling of Imagery Data. 

SR-LO-00483, J SC-16384, LEM SCO-15358, 
September 1980. 

4-56. Normal Crop Calendars Volume I: Assembly and 
Application of Historical Crop Data to a Standard 
Product. SR-LO-00484, JSC-16813, LEMSCO- 
15033, August 1980. 

4-57. Normal Crop Calendars Volume II: The Spring 

Wheat States of Minnesota, Montana, North 
Dakota, and South Dakota. SR-L0*00485, JSC- 
16814, LEMSCO-15034, August 1980. 

4-58. Development Stage Estimation of Corn From 
Spectral Data - An Initial Model. SR-JO-00488, 
JSC -16816, August 1980. 

4-59. illustration of Year-to-Year Variation in Wheat 
Spectral Profile Crop Growth Curves. SR-JO- 
00489, JSC-16817, August 1980. 

4-60. Contextual Classification of Multispectral 

imagery Data Approximate Algorithm. SR-PO- 
00491, NAS 9-15466, August 1980. 

4-61. On the Existence, Uniqueness, and Asymptotic 
Normality of a Consistent Solution of the Like“ 
lihood Equations for-Nonidentical ly Distributed 
Observatlons-Appli cations to Missing Data Prob- 
lems. SR-HO-00492, NAS 9-14689, September 
1980. 

4-62. Taxonomic Classification of World Map Units in 
Crop Producing Areas of Argentina and Brazil 
With Representative U.S. Soil Series and Major 
Land Resource Areas in Which They Occur. SR- 
UO-00497, JSC-16824, October 1980. 

4-63. Spectral Reflectance of Soils: A Literature 

Review. SR-JO-00498, JSC-16825, August 1980. 

4-64. Classification of Wheat: Badhwar Profile Simi- 

larity Techniques. SR-LO-00499, JSC-16826, 
LEMSCO-15305, October 1980. 

4-65. A Semi-Automatic Technique for Multitemporal 

Classification of a Given Crop of a Lands at 
Scene. SR-J 0-04001, j SC-16829, October 1980. 

4-66. Preliminary Evaluation of Spectral, Normal, and 
Meteorological Crop Stage Estimation 
Approaches. SR-LO-04002, JSC-16830, 

LEMSCO-14640, October 1980. 

4-67. Maximum Likelihood Estimation for Mixture 

Models. SR-JO-04007, JSC-16832, LEM SCO- 

14880, October 1980. 


4-68. Semi-Annual Project Management Report Pro- 
gram Review Presentation to Level, Interagency 
Coordination Committee. SR-J 0-04011, JSC- 
16836, November 1980. 

4-69. Analysis of U.S. Spring Wheat and Spring Barley 
Periodic Ground Truth. SR-LO-04012, JSC-16837, 
LEMSCO-15698, January 1981. 

4-70. Investigation of Boundary Pixel Handling Proce- 
dures, SR-LO-04013, JSC -16838, L EMSCO-15679, 
December I960. 

4-71. BIAS Modeling Experiment. SR-IO-04015, NAS 9- 
14350, November 1980. 

4-72. QUASI- Field Purity Experiment. SR-IO-04017, 
NAS 9-14350, October 1900. 

4-73. USSR Crop Calendars in Support of the Early 
Warning Project. SR-LO-04019, JSC-16844, 

LEMSCO-14674, December 1980. 

4-74. FINAL REPORT: Field Research on the Spectral 
Properties of Crop and Soil. SR-PO-04022, NAS 
9-15466, Moy.ember 1980. 

4-75. FINAL REPORT: Research in the Application of 

Spectral Data to Crop Identification and Assess- 
ment. SR-PO-04023, NAS 9-15466, November 

1980. 

4-76. FINAL REPORT: Data Processing Research and 

Techniques Development. *SR-P0-04024, NAS 9- 
15466, November 1980. 

4-77. FINAL REPORT: Computer Processing Support. 

SR-PO-04025, NAS 9-15466, November 1980. 

4-78. Spatial/Color Sequence Proportion Estimation 

Techniques. SR-LO-04028, JSC-16484, LEMSCO- 
15641, December 1980, 

4-79. A Comparative Study of the Thematic Mapper 
and Landsat Spectral Bands From Field Measure- 
ment Data. SR-JO-04029, JSC-16849, March 

1981, 

4-80. Maximum Likelihood Clustering With Dependent 

Feature Trees. SR-L1-04031, JSC-16853; 

LEM SC 0-15683, January 1981. 

4-81. Spring Small Grains Planting Date Distribution 
Model. SR-L1-04032, JSC-16858, L EMSCO-16018, 
^ March 1981, 

4-82. Assembly Language Coding for CL ASSY . SR-X1- 

04033, NAS 9-15981. January 1981. 

4-83. Weighted Ratio Estimation of Large Area Crop 

Production. SR-J 1-04036, j SC-16861, February 
1981. 

4-84. Maximum Likelihood Labeling. SR-X1-04041, 

NAS 9-15981, February 1981. 

4-85. Crop Classification Using Airborne Radar and 

Landsat Data. SR-K1-04043, NAS 9-15421, 
February 1981 . 
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4-86. Improved Version of the Split Routine for 
CLASSY. SR-X1-04046, NAS 9-15981, March 
1981, 

4-87. New Output Improvements for CLASSY. SR-Xl- 
04053, NAS 9-15981, March 1981. 

4-88. A Temporal/Spectra] Analysis of Small Grain 
Crops and Confusion Crops. SR-L1-04054, J SC- 
17128, L EMSCO-15676, March 1981, 

4-89, Interim Catalog Ground Data Summary Data 

Acquisition Year 1979. MU-L1-04055, JSC- 

17119, LEMSCO-16207, February 1981 . 

4-90, Interim Catalog Ground Data Summary Data 

Acquisition Year 1978. MU-L1-04056, JSC- 

17120, LEMSCO-16325, March 1981. 

4-91, A Crop Moisture Stress Index for Large Areas and 
Its Application in the Prediction of Spring Wheat 
Phenology. SR-L1-04064, JSC-17121, LEMSCO- 
16216, March 1981. 

4-92. Estimation of Proportions in Mixed Pixels 

Through Their Region Characterization. SR-L1- 
04067, JSC -171 24, LEMSCO-16021, March 1981, 

4-93, An Analysis of Haze Effect on Landsat Multispec- 
tral Scanner Data, SR-L1-O4071, jSC-17127, 
LEMSCO-15971, March 1981. 

4-94, Recommended Data Sets, Corn Segments and 

Spring Wheat Segments, for Use in Program 
Development, SR-L1-04094, JSC -17137, 

LEMSCO-15708, April 1981. 

4-95. Lennington, R. K., and M. E. Rassbach: CLASSY- 
-An Adaptive Maximum Likelihood Clustering 
Algorithm. Proceedings of Technical- Sessions, 
The LACIE Symposium, Vol. II, July 1979, _pp, 
671-691. (See ref. 1 for availability). 

4-96. Cicone, R., E. Crest, R. Kauth, P. Lambeck, 
N. Maltid, and W. Richardson: Development of 

Procedure M for Multicrop Inventory, with Tests 
of a Spring Wheat Configuration. Environmental 
Research Inst, of Michigan, NASA CR ERiM 
132400-16-F, March 1979. 

4-97. Badhwar, G. D., and K. E. Henderson: Develop- 
ment Stage Estimation of Corn from Spectral 
Data — An Initial Model. SR-JO-00488, 

NASA/JSC-16816, 1980. Submitted to Agronomy 
J ournal. 

4-98. Kauth, R. J,, and G. S. Thomas: System for Anal- 
ysis of Landsat Agricultural Data. Environmental 
Research Inst, of Michigan, NASA CR^ ERIM 
109600. 


SR Minutes -0500 


4-99, Minutes of the Semi-Annual Formal Project Man- 
ager's Review. SR-jO-00503, JSC-16839, October 
7, 1980. 


SR Plans -0600 


4-100. Supporting Research Project Implementation 
Plan. SR-J9-C0602, JSC-16340, December 1979. 

4-101. Supporting Research Project Implementation 
Plan. SR-J0-C0615, JSC-16834, October 1980. 
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4-102. Crist, E, P., and W. A. Mallla: Temporal-Spectral 
Analysis Technique for Vegetation Applications of 
Landsat* 14th InternatM Sympos. on Remote Sen- 
sing of Environment, San Jose, Costa Rica, April 
1980. 

4-103. Malila, W, A., P. F, Lambeck, and E. P. Crist 
Landsat Features for Agricultural Applications. 
14th InternatM Sympos. on Remote Sensing of 
Environment, San Jose, Costa Rica, April 1980. 

4-104. Holmes, Q. A., and R. Horvath: Procedure M: An 
Advanced Procedure for Stratified Area Estima- 
tion Using Landsat. 14th Internat'l Sympos. on 
Remote Sensing of Environment, San Jose, Costa 
Rica, April 1980. 

4-105. Kauth, R. J., R. C. Cicone, W. A. Malila: Proce- 
dure M: A Framework for Stratified Area Esti- 

mation. 1980 Machine Processing of Remotely 
Sensed Data Sympos, Purdue/LARS Univ., June 
1980. 

4-106. Crist, E., and W. Malila: A Technique for Auto- 

matic Labeling of Landsat Agricultural Scene 
Elements by Analysis Yif Temporal-Spectral Pat- 
terns. 15th Internat'l Sympos. on Remote Sensing 
of Environment, May 1981. 

4-107. Kauth, R. J., W. A. Malila, R. Horvath, and R. C. 

Cicone: Design Consideration for Resource 

Inventory Systems. 14th Internat'l Sympos. on 
Remote Sensing of Environment, April 1980. 

4-108* Thompson, D., and 0. Wehmanen;* Using Landsat 
Digital Data to Detect Moisture Stress in Corn- 
Soybean Growing Regions. Photogram metric 
Engin. and Remote Sensing, vol. 46, no. 8, August 
1980, pp. 1087-1093. 

4-109. Pitts, D., and G. Badhwar: Field Size, Length, 

and Width Distributions Based on LACIE Ground 
♦Truth Data. Remote Sensing of Environment, 
1980, pp. 201-213. 

4-110. Feiveson, A.: Aids for the Identification of Sta- 
tistical Concepts. The Joint Statistical Meetings 
of the American Statistical Assoc, and Biometric 
Soc., Houston, Texas, August 1980. 

4-111. Seminar by Bob Sielken at Mathematics Dept, of 
Univ. of S. Dak., Spring 1980. Reports 18, 19, and 
20 . 
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5-07. 

5-08. 

5-09. 
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5-11. 

5-12. 
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5-14. 
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Instructions -00100 


Yield Model Development/So II Moisturednterface 
Control Document.- MU-JO-0100, jSC-16841, 
November 1980. 

Soil Moisture/Early Warning and Crop Condition 
Assessment Interface Control Document. MU-JO- 
0101, JSC-16842, November 1980. 


Keports - 00400 


Neutron-Meter Calibration^ for the 1978 Soil 
Moisture Experiment. SM-LO-00415, JSC-13775, 
LEMSCOr14082, January 1980. 

Evaluation of Gravimetric Ground Truth Soil 
Moisture Data Collected for the 1978 Colby 
(Kansas) ASME Aircraft Mission. 5M-L0-00441, 
ISC-16357, LEMSCO-14600, April 1980: 

Use of Soil Moisture Information in Yield Model. 
SM-MO-00462, NAS 9-14899, J une 1980. 

Agricultural Soil Moisture Experiment, Colby, 
Kansas, 1978: Measured and Predicted Hydro- 

logic Properties of the Soil. SM-LO-00463, 
JSC-16366, LEMSCO-14307, June 1980- 

A Parametric Study of Tillage Effects on Radar 
Backscatter. SMrJO-00470, JSC-16372, July 1980. 

Reports on the Remote Measurement of Soil 
Moisture by Microwave Radiometers at Bare Test 
Site. SM,-GO-00471, August 1980, July 1980. 

Comparison of the Characteristics of Soil Water 
Profile Models. SM-LO-00490, JSC-16818, 

LE MSCO-15330, January 1981. 

Joint Microwave and Infrared Studies for Soil 
Moisture Determination. SM-Y 0-00495, NAS 7- 
100, September 1980. 

Aircraft Radar Response to Soil Moisture. SM- 
KO-04005, NAG 5-30, October 1980. 

1978 Agriculture Soil Moistur,e (ASM E) Data 
Documentation. SM-KO-04006, NAG 5-30, 

October 1980. 

Data Documentation for the Bare Soil Experiment 
at the University of Arkansas. SM-AO-04008, 
NAS 9-14251, October 1980. 

Data Documentation for the Bare Soil Experiment 
at the University of Arkansas. SM-AO-04009, 
NAS 9-14251, January 1980. 

Soil Moisture Project Evaluation Workshop. 
SM-R 0-0401 6, November 1980. 
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